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DETERGENT GRADE OLErlNS -J^^^'^iS^^U^wa 
ALKVLBEN2EIIE SOLfONATES AND PROCESSES TOR r 

•* ■.tr.r.KQllMD O " THE INVENTIOH 

This invention relates to the polyBeri«tlon of 
olefins to produce longer chained olefin "'^^ 
further aspect, the Invention relate, to the product on of 
,0 IlHln. and al.ylben.enes .hlch are 

" lnten..dlate. In the production of alKylben.en. , onat- 
detergents. The invention also relates to such detergents 
„d their Of longer 

Chained olefin, (e.g., C^o " C„) I. a. 
the production of alkyl aromatic sulfonate detergents. 
Since large «.ounts of such detergents are """""/^ 
released to the environment, the need for ^^^''^ 
is well recognised. It Is further «ll r.cogn»ea that 
-» linear and mono-branched alkyl aromatic sulfonates «« 

1 1 much more readily blodegraded than "^-'^^"^^'f - 
alkyl aromatic sulfonate, and, hence, much more desirable 
as detergent.. Thu., the need for P"""" ""f 
efficiently produce high yield, of Cio'Cis 1'"*"" 
„ ,eml-llnear olefins or olefin mixtures «hlch afford 
biodegradable alkylbensene .ulfonates. 

a.S. Patent Ho. 3,J1S,009 discloses a 
two-dlmerUatlon step process for preparing C,-Ci, olefin, 
using a hetercgeneou, cobalt oxide catalyst. 
,0 teacL. that It I. preferred that the dlmer eed to th. 
second stage dlm.rlz.tlon be ' the 

that the pr..ence of branched-chaln mono-olefln. In th. 
feed to th. second stage up to 15% by wight I. not 

deleterious. 

U.S. Patent No. 3,317,628 discloses a 
two-dimerization step process for preparing higher olefins 
similar to that described in the aforementioned patent, 
but using a somewhat different heterogeneous cobalt 
catalyst. Patentee stresses one of the advantages of 
40 patentee's process is that the formation of undeslred. 
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isomers, such as 2-methylpent-2.ene is minimized xf not 
eliminated. Patentee describes thylpent.2.ene as an 
05 especially undesirable isomer in hexene fractions for the 
purpose of patentee's process because it is not separated 
]rl n-hexene by commercial methods of distillation and 
therefore requires special separation procedures or it 
must remain as -n impurity. 
10 U.S. patent No. 3,402.217 discloses a two zone 

polymerization process for preparing higher olefins using 
a molecular sieve or zeolite catalyst. Patentee teaches 
that a particularly preferred mono-olefin dimer feed to 
the second zone polymerization is one which contain, no 
greater than 10% by weight of branched-chain nono-olefins 
and the remainder straight-chain mono-olef ins. ^^^^^^ 
further teaches that generally ordinary fractional distil- 
lation is adequate to purify the first dimerization zone 
product, but that in addition to or in place of «"Ctlo-l 
20 distillation, other conventional separation or purifica- 
tion means such as adsorbents. I.e., molecular sieves, 
solvent extraction, extractive distillation, selective 
polymerization. Isomerlzatlon, and the like may be 
employed to conform the dlmer product of the f Irst-stage 
« dimerization to the feed requirements of the second-stage 
dimerization. Patentee states that It Is Immaterial to 
patentee's Invention what separation means Is used for 
purifying the product of the first-stage dimerization to 
meet the feed requirements of the second-stage dlmerlza- 
^0 tlon, so long as such separation means provides the 
desired purification. 

U.S. Patent No. 3,409,703 discloses a 
two-dlmerlzatlon step process similar to that disclosed In 
U.S. Patent Vo, 3,315,009, but using a modifying agent in 
the first dimerization. 

The recovery of Isobutylene from C-4 hydrocarbon 
streams Is reportedly disclosed In Belgium Patent 
NO 851,832; Japanese Patent Application No. 49061102; 
rK.,.. Abstracts , vol. 83-179515; and Khlm Prom , Vol. 41. 
NO. 3, 625-26 (August 1965). 
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U.S. Patent No. 3,424,815 describes the 
preparation of alpha-olefin oligomers using a catalyst 
05 comprising the product of certain nickel chelates with a 
halide-free organoaluminum compound such as alkyl aluminum 
alkoxides. Patentee teaches that the nickel chelating 
ligand-anion is substituted with electron withdrawing 
groups, i.e., ni.ro, halo, cyano or carboalkoxy and that 
10 superior results are obtained when the chelating ligands 
are halogenated organic ligands. 

U.S. Patent No. 3,592,870 discloses olefin 
dimerization process using a catalyst formed from an 
organoaluminum compound and one of the following nickel 
15 complexes: (a) bis(beta-mercaptoethylamine)nickel (ID 
complex; (b) alpha-diketobis(beta-mercaptoethylimine)- 
nickel (II) complex; (c) S,S,-dl8ubstituted 
bis(beta-mercaptoethylamine)nickel (II) complex; or 
(d) s,S,-disubstituted-alpha-diketone bi8(beta-mercapto- 
20 ethylimine)nickel (ID complex. Based on the product 
distribution shown in the examples of this patent, the 
polymerization of propylene using patentee's catalysts Cg 
olefin products containing 63 to 70% branched olefins 
depending on the particular catalyst used. 
25 U.S. Patent No. 4,069,273 describes a process 

for dlmerizlng low molecular weight linear alpha-olef Ins 
using a complex of bis (1,5-cyclooctadlene) nickel and 
hexafluoro-2,4-pentanedlone as a homogeneous catalyst. 
Patentee describes his process as producing a highly 
^® linear olefin product. U.S. Patent No. 4,366,087 

describes a process for oligomer Izlng olefins using a 
catalyst containing a nickel compound having the formula 
(RlC00)(R2C00)Nl, wherein is a hydrocarbyl radical 
having at least 5 carbon atoms and R2 Is a haloalkyl 
radical and an organic aluminum hallde. As can be seen 
from the examples In this patent, patentee's process 
afforded a product containing a large amount of branched 
olefins. A number of catalyst systems used for the 
polymerization of olefins are described In Chemical 
*® Review , 86 (1986), pp. 353-399. 
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Although the prior art spea.s in glowing terms 
of highly linear products, seldom are such results 

ate product, thu. effectively wasting significant ydelds 
iO Of methyl pentenes which are obtained in ^he 
reaction product. The prior art systems 
olneous catalysts suffer from the usual contact problems 
rn^ent to sL catalysts. Moreover, - heterog™ 
catalysts used by the prior art are frequently diff cult 
IS and expensive to prepare. The use of halide «odi y ng 
agents also presents a problem since such agents are 
generally very corrosive and presents ^^^^P"- f^^f f// 
Thus, there is a need for better processes for 

producing detergent grade C^q-C^s ol*"'^^- 
20 SUMMARY OF T HE INVENTION 

The present invention provides a two-dimerization 
step process which efficiently produces good yields of 
detLgent grade olefins and in one embodiment increases 
catalyst life. The present invention also provides a 
2S novel mixture of biodegradable C^j olefins. 

in one embodiment, the present invention 
provides a process comprising the steps of: 

(a) contacting propylene with a dimerization 
catalyst under dimerization conditions to Produce a higher 
JO olefin product containing at least 60% by weight of linear 
hexenes and the remainder higher olefins and branched Cg 

olefins; ^ ^ * ^ 

(b) fractionally distilling the product of step (a) 

to remove and higher olefins and -^^^"^^"^ 
J^ fraction containing about from 70 to 82% by weight linear 

hexenes; ... 

(c) contacting the olefin fraction of step (b) 
with a homogeneous dimerization catalyst under dimeriza- 
tion conditions to produce a highly semi-linear C^^ olefin 
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product containing at least 60% by weight of linear 
olefins and mono-branched olefins. 
05 in a further embodiment of the above-described 

process the Cg olefin fraction is treated with sulfuric 
acid and phase separated to produce an enriched linear 
hexane product containing about from 80 to 90% by weight 
n-hexenes which is -sed as the reactant for the second 

10 polymerization. 

In a further embodiment, the invention provides 
a novel mixture of C^2 olefins which can be used to pre- 
pare alkylbenzene sulfonate detergents. It has been 
discovered that by conducting the Cg olefin fractionation 
[step (b)l to provide a Cg olefin fraction containing 
about 70 to 75% by weight linear hexene that the C^j 
olefin reaction product contains a relatively large amount 
(e.g., about 10 to 40% by weight or typically 15 to 35% by 
weight) of multibranched olefins. This would normally be 
20 considered a substantial disadvantage, particularly under 
U.S. environmental standards, because multibranched ole- 
fins are considered unsuitable for detergent use (i.e., as 
intermediates for alkylbenzene sulfonates) because of poor 
biodegradability. Surprisingly it has been discovered 
2* that the particular C^j oletin mixture provided by this 
embodiment produces alkylbenzene sulfonates having 
adequate biodegradability for commercial detergent use. 
This affords a substantial economic advantage because of 
the lower costs Involved in making such olefins. 
30 The invention also provides a method for 

preparing C^j alkylbenzenes and alkylbenzene sulfonates 
which comprises the additional step of contacting the 
olefin product of the aforementioned processes with 
benzene in the presence of an alkylating catalyst under 
I reactive conditions thereby yielding said C^j alkylbenzene 

• and optionally contacting said C^2 aH^ylben^®"® ^^^^ * 

sulfonating agent under reaction conditions to yield the 
corresponding C^j alkylbenzene sulfonic acid and 
neutralizing said C^j alkylbenzene sulfonic acids with a 
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base to yield the corresponding detergent C^j alkylbenzene 

sulfonate salt. «i^f4n« 
OS Where the aforedescribed mixture of olefins 

of the present invention are used in the benzene 
alkylation reaction, the corresponding C^j alkylbenzenes, 
and C,, alkylbenzene sulfonic acids and detergent salts 
thereof are also novel and are encompassed by the present 

10 invention. ^ , , , . ^ 

Additional aspects of the invention will also be 
apparent from the further description of the invention 

which follows below. 

FURTHER DESCRIPTIOH OP THE 
TMVBMTTnW AND PREP gP«*P" EMBODIMENTS 

The first step of the present process comprises 
contacting propylene with a homogeneous dimerization 
catalyst under reactive conditions. The propylene, feed 
should contain at least about 90% propylene and although 
it may contain other alkenes it should be essentially free 
of dienes. Preferably the propylene feed should also be 
substantially free of ethylene. 

Typically, the dimerization is conducted at 
temperatures in the range of about from 30 to 100-C, 
25 preferably 50 to 80*C for about from 1/2 to 8 hours, 
preferably 1 to 5 hours, using a propylene to catalyst 
mole ratio of about 200 to 20,000, preferably 1,000 to 
10,000 moles of propylene per mole of catalyst. The 
dimerization is generally conducted as a liquid phase 
30 reaction using pressures in the range of about 1 to 
50 atmospheres, preferably 10 to 40 atmospheres. 

It is important that the first step 
polymerization provide an initial reaction product mixture 
containing at least about 60% by weight linear hexenes. 
35 The remainder of the product comprises higher olefins 
(i.e., Cg olefins and above) and branched Cg olefins. 
After removal of both the propylene and higher olefins the 
remaining Cg olefin mixture should contain about from 70 
to 82% by weight of linear hexenes and in terms of 
40 producing a highly linear product preferably about 75 to 
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82% by weight linear hexene. Higher amounts of linear 
hexene do not adversely affect the present process, but 
05 generally are not obtained from the first stage without 
specialized extraction steps. By using a Cg olefin 
mixture containing only about 70 to 75% by weight linear 
hexene In the second step polymerization, the olefin 
product mixture of tne present invention is obtained 
having poorer linearity. However, despite this poor 
linearity, the C^j product mixture has been found to 
produce alkylbenzene sulfonates having adequate 
biodegradability to be commercially used as '^^'^^^^ents. 

The selection of the catalyst for the first step 
dimerization is particularly important. Thus, I have 
found that the required yields and selectivity can be 
obtained by using certain niclcel complex catalysts as the 
first-step dimerization catalyst, under the conditions 
indicated above, whereas cobalt derivative catalysts have 
20 generally produced Inadequate results. Suitable nickel 
complex catalysts which can be used are, for -ample, 
described In U.S. Patent Nos. 3,424,815; 
and m my copending application Serial No. 896,897, filed 
on August 15, 1986, the entire disclosures of all of 
which, are hereby Incorporated by reference. Such 
catalysts Include catalysts selected from the following 

groups: u i i- 

(1) catalysts comprising the product of a nickel chelate 

having the formula 
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R«-C C-R' 

,.4-0/ \o-i-«. 

wherein R and R' independently are hydrogen, 
alkyl or aryl of up to 10 carbon atoms, or 
haloalkyl or haloaryl of up to 10 carbon atoms, 
with the proviso that the two R* groups of each 
chelating Ugand together with the adjacent 
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(3) 

30 



35 



40 



w K vht^v are attached, can 
carton atc«s to ^^^l'^" „,„aUc ring =« 

„p to . halogen ,ub,tltu.nt.. The hal 9 
f^om 3 tc 6 halogen substituents. The na « 

rn.^rore:t^^^^^^^^^^^ 

3.xy f , .n. halogen sub- 

, „ 17 inclusive that 1 , .re « 

n:ren:%r:ri:^:A^^^^^ 

uration Is maintained as part of the aro. 

...b TaUl alu-mu. auoxlde having the .on.ul. 

(R-)„Al(OR")n 

.Herein each in«P«"*«"^' ^' '^^i HZn l.^.. 
10 carbon ato«, ^"''""f °' "^^X .„d n I. . 
- 1. a -hole n-her fro» "J - „ ..at 

«.ole number from 1 to 2 Inclu ^ ^ ^^^^^ 

»-he sum of tn and n, i.e., tne te™ ^ . ^ 

rcat.l,st composition -'-^-"luo and ■ 
reaction of bl.(l,5-cyclooctadlen.)nlck.UO) 

hexa£luoro-2,4-p.ntan.dlone. or „„,ition 

catalyst ''^''^'^'''^'^'''''Z^^J,' o/^icf^^X and 
™tal complex selected from complexes 
palladium -Ith a fluoro-organic thiol or 

*^ «jri»i«k sulfur atom in a iigatmy 

U,and, .to» adjacent the 

'°:::r:t'o: to Uh L sulfur ato« U attached h., 
. least Tne fluoro substltuent and .Ith the proviso 
at least one sulfide does not 

fhat said fluoro-organic thiol or su 

any -trris'pu:: nur.:vurd. 

:r::::etluireduan, agent selected 
ti tle group of borohydrlde ...d org.no.lu»ln«» 
from the group AVAILABLE COPY 
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halides and alkoxides having the tocmula R ^IX 
wherein U aU,l. aryl o. arylalKyU X is luoro 
chloride, bro«lde. Iodide or aUoxld. f 
and n I. 3-». ^"ferabl, the ."^^"i,,:! 



1 



i:'.;i.c«d ero. ,ro„. ha^m, .he eor.„I, 
R^SR Wherein U tluoroaUyl having 1 '» 
.io»s and 1 to 8 carbon at<»«; Uuoroaryl 
e to 10 carbon .ton« and 1 to « Uuoro 
aUenyl having 2 to 8 carbon atom, and I to 16 fluoro 
atom ' nuoroalKanoyl having 2 to 8 carbon atom, and 
t fluoro atoms, fluoroaUanoylalKylene having 

1 to n nuoro atoms and having 2 to 8 carbon atom. 
l„ the auanoyl moiety and 1 to 6 carbon atoms n the 
al^ylen. moiety or fluorobenzoyl hav.ng l to 5 fluoro 
atom, or a substituted group selected from the 
tluoro-substltuted groups set forth above, furch.r 
.ubstltut«i with 1 to « ,ub,tltuent, ioO^P""'""^. 
„l.cted from the gr«.P of lower 'l"^^' ^"""^^^ °^ 
alkyl having 1 to 4 halo ,ubstltuent,, halo, lo-« 
haloaUenyl having 1 to., halo .ubstltuents, or lower 
allcoxy: and R Is hydrogen, Ci-C, aUyl. «2-<=8 
alKenyl, aryl having . to 10 
2S aUyl, having 6 to 10 carbon atom. In aryl moiety and 

1 to 4 carbon atoms In the alkyl moiety, alkanoyl 
having 2 to 8 carbon atoms, alkanoyl.lkyl.n. having 

2 to 8 carbon atoms In the alkanoyl moiety and 
1 to 4 carbon atoms In the alkylene moiety, or a 

>• substituted group selected from the same groups as 

set forth hereinabove with respect to R substituted 

with from 1 to 6 substltuents ^"'^•P"*""'' 
from the group of lower alkyl, lower haloalkyl having 
1 to 4 halo substltuents, halo, lower haloalkenyl 
" having 1 to 4 halo substltuents or lower alkoxy. 

Example, of specific catalysts which can be used 
include: hexaf luoroacetoacetyl nickel cyclooctadlene, 
blstpentafluorophenylthlolnlckel with trl.thyl aluminum 

,„,ulchlorlde, (I.e., (CjHj, jAl^CljW "'"""r"*"'"- . 
acetyl nickel hexanoate with dlethylalumlnum ethoxlde, and 
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the lUe. Generally, e«ceU.nt re.uXt. are .btal«* by 
usin, ne«fluoroac.toaeetyX nldcl cyoloootadiene a, the 

OS first step catalyst. hiaher 
in the next step of the process, C, and higher 
olefins are removed by fractional distillation. This can 
. effected by conventional distillation P-^^^^ r.^^^^ 
are well Known to the art. Unreacted propylene .s re-ved 
10 in this step or simply flashed off prior to the distilla 
tion and preferably recycled baclc to the propylene feed 
stream. Hexenes are recovered in a distillation fraction 
comprising linear hexene and branched C-6 olefins. 

m a further embodiment, it has been discovered 
that by treating the aforementioned linear hexene and 
branched Cg olefin distillation fraction with sulfuric 
acid that as well as producing a more linear olefin 
product from the second step dimerization that the 
effective life of the second-step dimerlzatlon catalyst is 

-'O greatly increased. 

The acid treatment can be effected by acidifying 
the hexene fraction with aqueous 50 to 90 weight % sul- 
furic acid, preferably 70 to 85 weight % sulfuric acid at 
0 to 40-C, preferably 5 to 25-C. Acid treatment results 
25 in the protonation of only branched olefins which have a 
branching substltuent at a double bond carbon atom such 
as, for example, 2-methyl-2-pentene lCH3CH2CH.C(CH3)CH3l 
and 2-methyl-l-pentene lCa3CH2CH2C(CH3)»CH2] producing 
sulfate products which are soluble In the aqueous sulfuric 
50 acid. The straight chain olefins and other branched 
chained olefins are unreactive below 30«C and reoain 
insoluble and form an immiscible layer with the aqueous 
sulfuric acid. Thus, by this means, the major isomers 
contributing to the percent branching of the hexenes can 
5* be selectively phase separated in the aqueous sulfuric 
acid phase from the immiscible hydrocarbon phase. 
Depending on the acid concentration, the percent linear 
olefin content of the enriched hexenes phase will be at 
least about 80% by weight and generally will vary froro 
about 80 to 90% by weight. Depending on the concentration 
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of olefin sulfates and the strength of the acid in the 
recovered acid phase, the spent or partially spent acid 
05 phase may be reused directly or regenerated. The spent or 
partially spent acid can be regenerated by simple warming 
to 50 to 120*C, preferably 60 to 80»C for 10 to 150 minutes, 
preferably 20 to 40 minutes. This causes the protonated 
branched methyl-pcntenes to dimerize affording a mixture 
10 of branched dodecenes and sulfuric acid. The branched 
dodecenes are immiscible with the sulfuric acid phase. 
Thus the acid phase can then be separated, and If desired 
reused in the acid treatment, by simple phase separation. 

In the second dimerizatlon step of the present 
15 process, the enriched hexene product, either with or 
without the aforementioned sulfuric acid treatment, is 
contacted with a suitable dimerizatlon catalyst under 
dimerizatlon conditions. This dimerizatlon is typically 
conducted at temperatures in the range of about from 0 to 
20 ioO"C, preferably 10 to 80«C for about from 1/2 to 

8 hours, preferably 1 to 4 hours, using Cg olefin catalyst 
mole ratios in the range of about 200:1 to 10,000:1, 
preferably 500:1 to 5,000:1 moles of Cg olefins per mole 
of catalyst. Typically, the polymerization is conducted 
25 as a liquid phase reaction and is conducted at pressures 
in the range of about 1 to 10 atmospheres, preferably 1 to 
5 atmospheres. The dimerizatlon affords a product 
typically containing at least 60% by weight of semi-linear 
olefins (i.e., dodecane and mono-branched C^2 
^® which Is highly useful as an Intermediate in the 

laanufacture of alkyl aromatic detergents. As before 
mentioned. In the case where the feed to the second step 
polymerization is only 70 to 75% linear hexene, the 
resulting Cj^2 ^^le^i" product contains a relatively high 
^5 amount (e.g., 10 to 40% by weight, typically 15 to 35% by 
weight) of multibranched Cjj olefins, which normally would 
be considered unsuitable to prepare detergent allcylbenzene 
sulfonates because of poor blodegradability , but surpris- 
ingly have been found to produce novel Cj^j alkylbenzene 
mixtures and C^j alkylbenzene sulfonates which have good 
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second polyr«rl«tlon contains «ore than 75. linear 
r.;.n., a se.l-llne.r C,, oX.Un product is 

^ .o.o,ene«.s cat.Xy.t U also used the 
"> second e«p di»erlzatlo„. However, the 

the catalyst for the second step dln.rizatlon are not a, 
trin^^nt as for the first step dl..rlzatlon and a «a. 
ran e Of olefin di.eri«tio„ catalysts '^^'^ ^'j;^ J^^ 
second step. Thus, the cit.lysts "'^ 
" respect to the first step di..ri»tion can ^« "'^ J" 
second step dlneriration a. well as catalyst such as 
second st^i- , , u o -r alkvl aluminum 

nickel blsloarboxylatesl with C, alkyl .^i^i.tes 
halides, carbonyl nickel phosphlnes, """'P""'' 
(for example, those having the formula <:-° U-n''^^ 
" Wherein L I, phosphlnes, phosphite., thiolat. , e 9, , a^l 
phosphine, alkyl phosphlnes. etc.), and 
with Lewis acids (for example, aluminum chloride, boron 

Generally, excellent results are obtained 
" using hexafluoroacetoacetyl nickel cyclooctadiene; 

Tis UtafluorophenylthiolniCel with diethyl a u«xnu« 
sesquichloride, bis ttriphenylphosphinolnic.el d.carbonyl 
with aluminum chloride or nicKel 

trifluoroacetate with diethyl bis-aluminum tetr-hloride 
or ethyl aluminum dichloride as the second-step catalyst. 

The catalyst and unreacted Cg olefins are 
typically separated from the reaction production by 
factional distillation or any other suitable procedure. 
Higher olefins can .Iso be separated by fractional 

distillation. ^, 

alkylbenzenes can be prepared by contacting 

the aforedescribed C^^ olefin product with benzene in the 
presence of a suitable alKylation catalyst (e.g., hydrogen 
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fluoride, aluminum chloride, and the like) under reactive 
conditions. 

05 Typically, where hydrogen fluoride is used as 

the catalyst, the alkylation is conducted at temperatures 
in the range of about from -20 to 65-Cr preferably 0 to 
55»C, for about 1/2 to 4 hours, preferably 1 to 2 hours, 
using mole ratios in the range of about from 5 to 50, 
*® preferably 10 to 20 moles of benzene per mole of olefin 
and catalyst mole ratios in the range of about from .25 to 
4, preferably 1 to 1.5 moles of benzene per mole of cata- 
lyst (i.e., hydrogen fluoride). Because the presence of 
water in reactions using hydrogen fluoride is known to 
present corrosion problem, the alkylation is preferably 
conducted under anhydrous conditions. The Cj^2 aH^Y^" 
benzene(s) can be recovered from the reaction product by 
any suitable procedure, for example, by phase separating 
the alkylbenzene rich product from the hydrogen 
■^^ fluoride phase? neutralizing any remaining hydrogen 
fluoride in the C^j alkylbenzene phase? and reaoving 
unreacted benzene by distillation. ;! 

In the case where aluminum chloride is used as 
the catalyst, the reaction is conditioned in the presence 
of acid at temperatures in the range of about 0 to 75»C, 
preferably 25 to 50'C for about from 1/2 to 4 hours, 
preferably 1 to 2 hours using about from 5 to SO, 
preferably 10 to 20 moles of benzene per mole of olefin 
and about from 2 to 8, preferably 3 to 5 moles of benzene 
per mole of aluminum chloride catalyst. Typically, the 
presence of the acid Is ensured by simply saturating the 
benzene reactant with an acid such as hydrogen chloride. 
The Cj^2 alkylbenzene can be recovered from the reaction 
product by any suitable procedure such as, for example, 
aqueous extraction to remove aluminum chloride followed by 
neutralization and distillation. The Cj^j alkylbenzene 
product can be separated from the reaction product mixture 
by any suitable procedure. Typically, the catalyst Is 
simoly decanted off and any remaining catalyst reaction 
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n^ixture neutralized. The reaction product can then be 
purified by distillation to remove unreacted '>«"^;"«' 
05 Regardless of the catalyst used, the alkylation 

is typically conducted as a liquid phase reaction and is 
typically conducted at pressures in the range of about 
from 1 to 10 atmospheres, preferably 1 to 5 atmospheres. 

The sulfonation can be conducted by contacting 
the C,, alkylbenzene product of the aforedescribed process 
with a sulfonating agent, either neat, or optionally in an 
inert organic solvent or liquid medium, under reaction 
conditions. The sulfonation can also be conducted in the 
presence of a moderating agent, such as, for example, 
15 dioxane. The modifying agent (e.g., dioxane) complexes 
with the sulfonating agent (e.g., sulfur dioxane) thus 
moderating the speed or intensity of the reaction. 

The sulfonation is typically conducted at 
temperatures in the range of about from -40 >:o lOO'C, 
^0 preferably 0 to 50-C for about from 1 to 20 hours, prefer- 
ably 1 to 10 hours using pressures of about from 1/2 to 
5 atmospheres, preferably 1 to 2 atmospheres. Typically, 
about from 1 to 1.5, preferably about from 1.05 to 
1.25 moles, based on sulfur, of sulfonating agent are used 
2* per mole of C^j alkylbt^nzene. Under these conditions, 
only monosulfonation of the phenyl moiety of the 

alkylbenzene occurs. 

Suitable sulfonating agents which can be used 
include, for example, sulfur trioxlde, sulfuric acid, 
^0 chlorosulfonic acid, and the like. Suitable inert organic 
solvents which can be used include, for example, methylene 
chloride, dlchloroethane, trlchloroethane, tetrachloro- 
ethane, and the like. Also, although an organic solvent 
could be used. It Is generally preferable to conduct the 

sulfonation neat. 

Since the product of the sulfonation Is an acid. 



I.e. , 
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.SO3H 

u, 

wherein R is C12 alkyl 

iO it is necessary to neutralize the acid to permit its use 
as a detergent. The sulfonic acid product (I) can be 
neutralized by simple neutralization with a base to yield 
the corresponding sulfonate salt. The neutralization can 
be conveniently conducted In situ with the sulfonatxon 

15 reaction product mixture. (Any excess sulfonating agent 
can be simply neutralized in situ along with the sulfonic 

acid product (!)•) 

Typically, the neutralization is conducted at 

temperatures in the range of about from 0 to 60«C and 
20 pressures of about from 1 to 2 atmospheres using about . 
from 1 to 1.1 mole equivalents of base per mole equivalent ^ 
of sulfonate in the alkylbenzene. Suitable bases which 
can be used include, for example, alkali metal hydroxides, | 
alkali earth hydroxides, ammonium hydroxides, quaternary \ 
25 ammonium hydroxides, amines, and the like. Typically, the | 
base is added as an aqueous solution. Generally, the j 
selection of the base will be a matter of economics, and , 
for this reason, sodium hydroxide is preferred because it | 
gives good results and is relatively inexpensive. | 
30 suitable inert organic solvents which can be used include | 
the same solvents as listed above with respect to the 1 
sulfonation. However, typically a solvent is not used j 
because generally it is not necessary and merely adds | 
another separation step to remove the solvent. 
jS The alkylbenzene sulfonate can be recovered 

from the reaction mixture by any suitable procedure or the 
reaction mixture can be simply concentrated by evaporating 
off water added with the base. Any small amounts of 
unreacted C^j alkylbenzene in the reaction product can be 
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„n,ov,a tv a v..l.t. ot proCur., u«a in the detergent 

art. etc., including extraction. 

in the case -here the C,^ olefin ased in the 

alkvLtion etep -as prepared using an Intermediate C12 

:iefin"ont.ln!n, onl. 70 to 7S -eight , 

the C, alkylbeniene and Cj, alkylbenzene sulfonate 
roducL -lU b. sutures of different C,, alKylben.ene or 

C,, aixylbenzene sulfonate salts containing a high 
p'rUrtlon (e.g.. 10 to 40 -eight », typically 15 to 
55 weight ») of .ultlbranched alkylbensenes or Cj^ 

IKylbtnsene sulfonate salts. Despite the 
of multlbranched C^^ alkylbenxen. sulfonate salts, the 
overall mixture has good detergent properties and 
.lodegradablllty ^ .. 

detergents In pur. form or can be ' 
variety of builders (sequestering agent.) and/or 
such as, for ex^nple, are conventionally used In the 

detergent art. _ . 

The present processes and process steps can be 

conducted as batch, semi-continuous or continuous 
operations or as a combination of such operations. 

It should also be appreciated that where typical 
or preferred process conditions (e.g., temperatures, 
times, mole ratios, catalyst ratios, etc.) have been 
given, that other process conditions could also be used, 
optimum reaction conditions (e.g., temperature, reaction 
time, reactant ratios, catalyst ratios, solvents, etc.) 
may vary with the particular reactanta, catalysts, or 
solvents used, but can be determined by routine 
optimization procedures. 

A further understanding of the invention can be 
had from the following non-limiting examples. 

EXAMPLES 
Example 1 

In this example, seventy-five (75) g of 
propylene and 0.075 g of hexaf luoroacetoacetyl nickel 
cyclooctadiene were charged to an autoclave under 
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: „: 'r . =, olefms. T.e ex=es, propylene 

: : ana th. hex.n.. l.oX.t.d .y dl.tlUat.on 

Th«rhexenes consisted of . mixture of n-hexene, and 
These hexene ^ j„ ^able 1 herelnbelow. 

::;r"o ."rLene «lxture -ItH a Une.r content 
Ls dlerlxed with 0.3, , of h,x.«uoroaceto.cetyl 

nickel cyclooctadlene at 65 to 70»C to obtain a 51% 
nickel eye selectivity to dodecenes of 

conversion of hexenes witu 

,0.. The dodecenes product was 

unreacted hexenes and heavier oligomers by 0"'"^"^; 
The overall selectivity to rf;:*, 
feedstock is 78%. This dodecen. will be referred 

Ole£in I. 

Rvaiaple I'A 

in this .x«n.le. the same procedure as used in 

•^Hah the intermediate hexenes 
Bx».pl. 1 -a. ueeo f ""^ that 

were extracted «lth sulfuric acid. The 
have a 75% linear content «re contacted with a 1.7.1 
weight ratio of 6. vol % .<^eous sulfuric acid to hydro- 
Ln for 5 minutes at .O-C with '''"-'/"'/^V the 
stirring ceased, phase separation was 
hydrocarbon phase was separated from the f 
recovered hexene phase was dried over 5A 
and degassed. <«.alysls of a sample of '^-^"^^ ^ 

hydrogenatlon Indicated that the linear content of the 
hexenes had been enriched to 90%. Analysis by gas 
chromatography Indicated that only incipient tertiary 
carbonlum Ion olefins such as 2-methyl-2-pentene and 
2-methyl-l-pentene -ere removal by the add 
The hexene distribution after the acid extraction is shown 
m Table l. The enriched hexenes were, then dimeri.ed in 
the same manner as dlmerlzed In Example l. The 
selectivity to dodecenes from propylene feedstock was 65% 
in this example. 
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Example 2 

This example illustrates the improvement in the 
catalyst life of the second dimerization step catalyst 
afforded by extracting the Cg feed with sulfuric acid 
prior to dimer ization. 

In this example^ 5.6 g of the acid treated, 
intermediate Cg-olefin product of Example 1-A was 
dimerized at 69**C using a hexaf luoroacetylacetone catalyst 
using substantially the same reaction conditions as were 
used for the second step polymerization in Example 1. For 
comparison purposes, 5.6 g of a Cg-intermediate product 
containing 75% by weight n-hexenes and 25% by weight 
methylpentenes was dimerized in the same manner as the 
acid-treated intermediate product. 

After 7 hours, 342 turnovers were obtained for 
the dimerization using the acid extracted Cg olefin 
monomer versus only 142 turnovers where the olefin monomer 
was not extracted. At the end of 7 hours, the product 
from the acid extracted product contained 89 weight % 
semi-linear olefins versus only 80 weight % where the 
Cg olefin monomer was not acid extracted. 

Example 3 

In this example, the same procedure as in i 
Example 1-A was generally followed except that an alkyl 
aluminum halide-promoted nickel carboxylate catalyst was 
used to dimerize the enriched hexenes intermediate* 
Twenty- four (24) g of hexenes was dimerized with 0.036 g 
of 2-ethylhexanoate nickel o-chlorobenzoate promoted by 
0.127 g of ethyl aluminum dichloride and 0.026 g of 
triphenyl phosphine. The dimerization was carried out at 
25 to 3 5**C for 2 hours resulting in 55% conversion of 
hexenes with a selectivity to dodecenes of 93%. The 
dodecenes were isolated from the unconverted hexenes and 
heavier oligomers by distillation. The overall 
selectivity to dodecenes from propylene feedstock was 67%. 

Example 4 

In this example, the same procedure as used in i 
Example 3 was used except that a nickel carbonyl-promoted 
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aluminum chloride catalyst was used to dimerize the 
enriched hexenes intermediate. Fifteen (15) g of hexenes 

05 was dimertzed with 0.04 g of aluminum trichloride and 

0.076 g bis-triphenyl phosphine nickel dlcarbonyl in 3.0 g 
of dichloromethane. The reaction was carried out at 25 to 
35-C for 3 hours to give 47% conversion of hexenes with a 
selectivity to dodecenes of 97%. The dodecenes were iso- 

10 lated from the unconverted hexenes and heavier oligomers 
as before. The overall selectivity to dodecenes from the 
propylene feedstock Is 70% in this example. 

Example S 

This example demonstrates the utility of the 
above olefins as Intermediates for biodegradable alkyl 
benzene sulfonates and the production of such sulfonates. 

in this example, 94 g of the dodecene product of 
Example 1 was mixed with 470 g of benzene. This mixture 
was gradually added to a reaction solution containing 
20 470 g benzene and 300 g of anhydrous hydrogen fluoride in 
a well-stlrred polyethylene reaction vessel such that the 
reaction temperature does .not exceed 20-C. Reaction was 
complete after 1 hour. Phase separation occurred after ^ 
stirring was stopped. The hydrocarbon layer was recovered 
2^ and neutralized with caustic and washed with water and 
dried over sodium sulfate. GC analysis Indicates that 
less than 1% of the dodecene had fragmented. The yield of 
dodecyl benzene alkylate based on dodecene was In excess 
of 99%. The excess benzene was stripped off and the 
dodecyl benzene was purified by distillation. 

The dodecyl benzene product was sulfonated using 
standard SOj/alr sulfonatlon reaction conditions. The 
alkylbenzene Is sulfonated In a well-stlrred water 
jacketed reactor equipped with a gas Immersion Inlet 
tube. A 10% molar excess of SO3 Is added at a rate of 
about 1/2 g/mlnute (for a 100-g batch of alkylate) as a 
6% mixture In dry air through the gas Immersion Inlet 
tube. Run temperature Is maintained between 35 and 50«C 
by the 35«C water jacket. After the SO3 ha- been added, 
40 ' 
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the sulfonate mixture is cooled, diluted with water and 
neutralized with sodium hydroxide until the pH is 7.5-8.0. 
This alkylbenzene sulfonate will be referred to as ABS-I. 

By following the same general procedure, the 
dodecene oroduct of Example 1-A was reacted with benzene 
and then sulfonated. The yields were again nearly quanti- 
tative based on the dodecene reacted. The sulfonate 
product will be referred to as ABS-II. 

The biodegradability of ABS-I and ABS-II was 
determined using a hybrid modification of the standard 
ASTM test method designated biodegradability of alkyl- 
benzene sulfonates, ASTM D 2667 and the Standard OECD 
Screening Test for primary biodegradability of synthetic 
surface-active agents. This test measures biodegradabil- | 
ity by measuring loss of specific surface activity of the | 
alkylbenzene sulfonate. Thus, the greater the loss of 
! surfactant activity, the greater the biodegradability. j 

1 The results of this test are shown In Table A herernbelow. | 

' In terms of percent retention of surface activity as 

compared with the original material. Hence, the lower the 



percent retention the greater the biodegradability. In 
addition to samples ABS-I and ABS-II, a comparison 
2* standard linear alkylbenzene sulfonate known to be biode- 
gradable and a standard branched alkylbenzene sulfonate 

known to be relatively nonbiodegradable were also tested. :| 

The samples were tested at a concentration of | 

between 2 to 20 ppm In a standard nutrient solution. The | 

^® solutions were Inoculated with a 1% solution of sewage | 

effluent to Initiate biodegradability. Surface activity | 

was measured using the ASTM D 2330-82 procedure for | 

methylene blue active substances. The results of the | 

blodegradatlon tests are shown In Table A as a function of | 

time after inoculation. ^ 
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Linear Alkylbenzene 
Sulfonate 

Branched Alkylbenzene 
Sulfonate 

ABS-I, 73% 
ABS-III# 88% 



Percent Surface 
^^..<«ifY Remaining 
-= =— Day 10 

3 




88 

8 
9 



65 

6 
6 



20 



AS can be seen from the results recorded in 
Table A, both ABS-I and ABS-II exhibited good 
..ode^radabilitv. ^^^^ and variations of 

..e invention described t3rol:\re:eo 
without departing from the easence and scope thereof 
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V^HAT IS CLALMED IS: 

05 1. A process for preparing 0^2 semi-linear olefins 

consisting essentially of the steps of: 

(a) contacting a propylene feed with a selective 
diraerization catalyst, selective to the production of 
higher olefins, under dimerization conditions to produce a 

10 higher olefin product containing at least 60% by weight 
linear hexenes, under dimerization conditions and wherein 
said selective dimerization catalysts is selected from the 
group of: 

(1) a complex of a nickel chelate having the formula 



IS 



20 



40 



R«--C NI C-R* 



wherein R and R* independently are 
hydrogen, alkyl or aryl of up to 10 carbon 
atoms, or haloalkyl or haloaryl of up to 
10 carbon atcwis, with the proviso that the 
2^ two R' groups of each chelating ligand 

together with the adjacent carbon atoms to 
which they are attached, can form a six- 
membered carbocyclic aromatic ring or a 
halogen substituted six-membered carbo- 
3Q cyclic aromatic ring have 1 to 4 halogen 

substituents selected from the group of 
fluoro, chloror brorao or iodo; 
with an alkyl aluminum alkoxide having the 
f onnula 

(R-)^Al(OR-)n 
wherein each R" independently is alkyl of 
up to 10 carbon atoms, preferably of up to 
4 carbon atoms, m is a whole number from 
1 to 2 inclusive and n is a whole number 
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trcn 1 to 2 incXuslv. select.^ so that th. 
sum o£ m and n equals 3i 
a complex of .ls,l,5-oy=loo=t.ale«).icKeUO. 
with h.x.£l»oro-J.4-pent.n.<ilon., and 

with a tluoto-organle thiol oc 

/arrerthnrr^^^^^^^^^ 

-rrrt rtr nr ::^rtu::t 
trre :::v"o that ... "-o-^hu^^^^^^^ 

„ sulfide doe. not contain any « 
:.oup o. ato. l. a U,.tln, P"'"^-;^;;" 
'win displace fluor, a. a ^^l^^J^J^J^^ 
organometalllc-reducln, a,e„t sal^^^^^^^^ 

group of borohydrid. and "■^'^""^ ^,„^„ 
.„d alKoxlde. havln, -^ ^^^^.f ^.Coro 
rhl^riUrdt-reV. Wd. and m Is 1 

contains 70 to 82» "V 9 fraction o£ step (b) 

,c) contacting the Cj olefin condition. 

with a dlmerlsatlon "'ff^'^^^f '/r,, ™ product 
tnerehy producln, a ---^^^IJ^^^^ 
containing at leasc j 
mono-branched C^j olefins. 

. «€ cl im 1 wherein the dlmerizatlon 
r/Ta i se ; tea fr«n the group of hexa- 
catalyst of =7^/^;. ^^^.'^..^ooctadiene; histpentafluoro- 
fluoroacetoacetyl seaquichloride, 
phenylthiolniCel -^^^f 2.ethylhexacetate with 

and hexafluoroacetoacetyl nicRei 

diethyl aluminum ethoxide. ^^^^ AVAILABLE COPY 
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3. The process of Claim 2 wherein said dimerization 
of step (a) is conducted at temperatures in the range of 

05 about from 30 to 100-C and pressures in the range of about 
from 1 to 50 atnospheres. 

4. The process of Claim 1 wherein said dimerization 
catalyst of step (c) is independently selected from the 

10 same group of catalysts as the dimerization catalyst of 
step (a). 

5. The process of Claim 4 wherein said dimerization 
of step (c) is conducted at temperatures in the range of 0 

15 to 100-C and pressures in the range of 1 to 10 atmospheres. 

6. The process of Claim 5 wherein the dimerization 
cltalyst of step (a) is selected from the group of hexa- 
fluoroacetoacetyl nickel cyclooctadiene; bislpentaf luoro- 

20 phenylthio] nickel with trlethyl aluminum sesquichloride; 
and hexafluoroacetoacetyl nickel 2-ethylhexacetate with 
diethyl aluminum ethoxide. 

7. The process of Claim 6 wherein said dimerization 
2* of step (a) is conducted at temperatures in the range of 

about 30 to 100»C and pressures in the range of 1 to 
50 atmospheres. 

8. The process of Claim 1 wherein the Cg olefin 
fraction of step <b) contains about from 75 to 82% by 
weight of linear hexenes. 

9. The process of Claim 1 wherein the Cg olefin 
fraction of step (b) contains about from 70 to 75% by 
weight of linear hexene. 

10. The process of Claim 1 wherein the dimerization 
catalyst of step (a) is selected from the group defined in 
group (3) and wherein said f luoro-organic thiol or sulfide 
is selected from the group hawing the formula RjSR wherein 
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R, is fluoroalkyl having 1 to 18 fluoro atoms and 1 to 
8 cacbon atoms; fluoroaryl having 6 to 10 carbon atoms and 
05 1 to 6 fluoro atoms; f luoroalkenyl having 2 to 8 carbon 
atoms and 1 to 16 fluoro atoms; f luoroalkanoyl having 
2 to 8 carbon atoms and 1 to 15 fluoro atoms, fluoro- 
alkanoylalkylene having 1 to 17 fluoro atoms and having 
2 to 8 carbon atoms in the alkanoyl moiety and 1 to 6 
10 carbon atoms in the alkylene moiety or f luorobenzoyl 

having 1 to 5 fluoro atoms or a substituted group selected 
from the f luoro-substituted groups set forth above, 
further substituted with 1 to 6 substituents independently 
selected from the group of lower alkyl, lower haloalkyl 
IS having 1 to 4 halo substituents, halo, lower haloalkenyl 
having 1 to 4 halo substituents, or lower alkoxy; and R is 
hydrogen, C^-C^ alkyl; Cj-Cg alkenyl, aryl having 6 to 
10 carbon atbms or arylalkyl, having 6 to 10 carbon atoms 
in aryl moiety and 1 to 4 carbon atoms In the alkyl 
20 moiety; alkanoyl having 2 to 8 carbon atoms; alkanoyl- 

alkylene having 2 to 8 carbon atoms in the alkanoyl moiety 
and 1 to 4 carbon atoms In the alkylene moiety; or a 
substituted group selected from the same groups as set 
forth hereinabove with respect to R substituted with from 
25 1 to 6 substituents Independently selected from the group 
of lower alkyl, lower haloalkyl having 1 to 4 halo 
substituents, halo, lower haloalkenyl having 1 to 4 halo 
substituents or lower alkoxy. 



30 



11. A process for preparing C-^j semi-linear olefins 

which comprises the steps of: 

(a) contacting a propylene containing at least about 
90% by weight propylene with a selective dlmerlzatlon 
catalyst selected from the group of hexafluoroacetoacetyl 
nickel cyclooctyldlene or bis tpentafluorophenylthiol nickel 
with trlethyl aluminum sesqulchlorlde under dlmerlzatlon 
conditions at temperatures in the range of about from 50 
to 80'C and pressures In the range of about 10 to 
40 atmospheres "using a catalyst ratio In the range of 
about from 1,000 to 50,000 mole of propylene per mole of 
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catalyst to yield dimer product containing at least about 
60% by weight of linear hexenes and the remainder higher 
®^ olefinsf branched Cg olefins and unreacted propylene; 

(b) fractionally distilling the reaction product of 
step (a) to recover a Cg olefin fraction containing about 
from 70 to 82% by weight linear hexenes; 

(c) contacting the Cg olefin fraction product of 
step (b) with a dimer ization catalyst selected from the 
group of hexafluoroacetoacetyl nickel cyclooctadiene; 
bis [pentafluorophenylthio] nickel with triethyl aluminum 
sesquichloride; bis [triphenylphosphino] nickel dicarbonyl 
with aluminum chloride; nickel 2-ethylhexanoate trifluoro- 
acetate with diethyl bis-aluminum tetrachloride; and 
nickel 2-ethylhexanoate trif luoroacetate with ethyl 
aluminum at temperatures in the range of about from 10 to 
80 ^C and pressures in the range of about from 1 to 
5 atmospheres and a catalyst ratio in the range of about 
from 500 to 5,000 moles of Cg olefin fraction per mole of 
catalyst to produce a semi-linear Cj^2 olefin product 
containing at least 60% by weight of linear dodecenes and 
mono-branched Cj^2 olefins. 
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12, The process of Claim 11 wherein said Cg olefin 
fraction contacted in step (c) contains about 70 to 

75 weight % linear hexenes • 

13. A process for preparing semi-linear olefins 
comprising the steps of: 

(a) contacting a propylene feed with a selective 
dimerization catalyst, selective to the production of 
higher olefins, under dimerization conditions to produce a 
higher olefin product containing at least 60% by weight 
linear hexenes, under dimerization conditions and wherein 
said selective dimerization catalysts is selected from the 
group of: 
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OS R-C-0 y°"?~^ 
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wherein R and R' independently are 
hydrogen, alkyl or aryl of up to 10 carbon | 
atoms, or haloalkyl or haloaryl of up to 
ID carbon atoms, with the proviso that the 
two R* groups of each chelating ligand 
together with the adjacent carbon atoms to 
which they are attached, can form a six- 
membered carbocyclic aromatic ring or a 
halogen substituted six-membered carbo- | 
cyclic aromatic ring have 1 to 4 halogen :| 
substituents selected from the group of | 
fluoro, chloro, brcmo or lodoy 
with an alkyl aluminum alkoxide having the | 
formula | 
{R-)j^Al(OR-)n I 
25 wherein each R" independently is alkyl of 

up to 10 carbon atoms, preferably of up to 
4 carbon atoms, m is a whole number from | 
1 to 2 inclusive and n is a whole number 
from 1 to 2 inclusive selected so that the 
sum of m and n equals 3; 

(2) a complex of bis{l,5-cyclooctadiene)nickel(0) 
with hexaflaoro-2,4-pentanedlone; and 

(3) a complex comprising transition metal complex 

selected from complexes of nickel and palladium 

with a fluoro-organic thiol or sulfide ligand, 

having a single sulfur atom in a ligating 

position and wherein the carbon atom adjacent 

the carbon atom to which the sulfur atom is | 

attached has at least one fluoro substituent and 

wifh the oroviso that said fluoro-organic thiol 
with the pcovis ^^^^ AVAILABLE COPY 
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or sulfide does not contain any other ligating 
group or atom in a ligating position which 
will displace fluoro as a ligand, and an 
organometallic-reducing agent selected froti the 
group of borohydride and organoaluminura halides 
and alkc iides having the formula RV^^n 
R* is alkyl, aryl or arylalkyl; X is fluoro 
chloride, bromide, iodide or alkoxide and » is 1 

or 2 and n is 3-m; 

(b) fractionally distilling the reaction product of 
step (a) to recover a Cg olefin fraction containing linear 
hexenes and branched Cg olefins and wherein said fraction 
contains 70 to 82% by weight of linear hexenes; 

(c) treating the Cg olefin fraction recovered from 
step (b) with aqueous sulfuric acid at under reactive 
conditions at temperatures below about 30«C thereby 
yielding a two liquid phase mixture comprising a Cg olefin 
phase having a linear olefin content of at least about 80% 
by weight and an aqueous phase containing soluble non- 
linear olefin sulfonates and recovering said Cg olefin 
phase from said aqueous phase; and 

(d) contacting the Cg olefin phase recovered in 
step (a) with a dimerization catalyst under dimerization 
conditions thereby producing a semi-linear C^j olefin 
product containing at least 75% by weight linear dodecenes 
and mono-branched C^2 olefins. 

14. A process for preparing C^j seml-llnear olefins 

which comprises the steps of: 

(a) contacting a propylene containing at least about 
90% by weight propylene with a selective dimerization 
catalyst selected from the group of hexaf luoroacetoacetyl 
nickel cyclooctyldiene or bis [pentafluorophenylthlo] nickel 
with trlethyl aluminum sesquichloride under dimerization 
conditions at temperatures in the range of about from 50 
to 80*C and pressures in the range of about 10 to 
40 atmospheres using a catalyst ratio in the range of 
about from 1,000 to 50,000 mole of propylene per mole of 

^.r^.nn BEST AVAILABLE 
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• ,^ Hi».r Dcoduct containing at least about 
""r'atir: 1 "a -ne, ana t.. re^ain^er higher 

— a-), su uelaht llnaar haxenea; 
from 70 to 82% by wight „cov.red from 

(c) treating the Cj oletin „.ctlve 
" step (b, -1th agueous sulfuric acid . 

conditions at t«.p.rature belo- . . 

Uguld Phase '^^'^^Zsl ^^'O. I, weight and 

linear olefin content of at 

,„ agueous phase containing -1""'™ „id 
sulfonates and recovering said Cj olefin p 

aqueous phase, and recovered In 

(d) contacting the Cg oletin p 
. .^1 »ith a dlnerliatlon catalyst selected tro 
step (c) with » <"» „i,i,.i cvclooctadlenei 

,roup of hexafluoroacetoacetyl "'='^«^°^=' ,i^i„„„ 
^» blstpentafluorophenylthloUlcKel with r .t^yl • 

sesgulchlorlde. "'•"^"'-''^f f^v '«In«te trlfluoro- 
wlth aluminum chloride, nlcK.l '""'^f „^ 
.cetate with diethyl bls-.lu«lnu. 

nlcKel 2-,thylh.»no.te ««^-~»7;"J",ng. of about 
« aluminum complexes at ;",^^!/:rabout fro, 1 

from 10 to 80.C -\^'^'':::::^:::^,:r:\z r.nge 

to 5 atmospheres and a ""^V" ' ^l, <,f 

about from 500 to 5,000 -ol.s of C, olefin p 
catalyst to produce a seml-Unear =12 »l«'^"/^^.^,„„ 
»• containing at least 75% by weight of linear 
mono-branched Cjj olefins. 

15. The product prepared by the process of Claim 9. 

" 16. The product prepared by th. process of Claim 12. 

The mixture of seml-llnear olefins prepared 
K of Claim 12 containing 10 to 40% by -eight 

by the process o£ ciaim 

^ multlbranched 0^2 ol®^^"^' ^^py 
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ia, A process for preparing Cj^2 semi-linear 
alkylbenzene sulfonates consisting essentially of the 
steps of: 

(a) contacting a propylene feed with a selective 
dimerization catalyst, selective to the production of 
higher olefins, ui der dimerization conditions to produce a 
higher olefin product containing at least 60% by weight 
linear hexenes, under dimerization conditions and wherein 
said selective dimerization catalysts is selected from the 
group of: 

(1) a complex of a nickel chelate having the formula 

I* R-C-O^ .0 — C-R 

R'— C NI C — R* 

R.-J-O^ "^O-C-R* 

20 wherein R and R* independently are 

hydrogen, alkyl or aryl of up to 10 carbon 
atoms, or haloalkyl or haloaryl of up to 
10 carbon atoms, with the proviso that the 
two R' groups of each chelating ligand 
25 together with the adjacent carbon atoms to 

which they are attached, can form a six- 
membered carbocyclic aromatic ring or a 
halogen substituted six-membered carbo- 
cyclic aromatic ring have 1 to 4 halogen 
30 substituents selected from the group of 

fluoro, chloro, bromo or iodo; 
with an alkyl aluminum alkoxlde having the 
formula 

(R-)^Al(OR-)^ 

wherein each R* independently is alkyl of 
up to 10 carbon atoms , preferably of up to 
I 4 carbon atoms, m is a whole number from 

I 1 to 2 inclusive and n is a whole number 

I from 1 to 2 inclusive selected so that the 



IS 




sum of m a 

V V W K 1^ I 2 
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(2) a complex of bis(l,5-cyclooctadiene)nickel(0) 
with hexaf luoro-2,4-pentanedione; and 

05 (3) a complex comprising transition metal complex 

selected from complexes of nickel and palladium 
with a f luoro-organic thiol or sulfide ligand, 
having a single sulfur atom in a ligating 
position and wherein the carbon atom adjacent 

10 the carbon atom to which the sulfur atom is 

attached has at least one fluoro substituent and 
with the proviso that said f luoro-organic thiol 
or sulfide does not contain any other ligating 
group or atom in a ligating position which 

IS will displace fluoro as a ligand, and an 

organometallic-reducing agent selected from the 
group of borohydride and organoaluminum halides 
and alkoxides having the formula R*j^AlX^ wherein 
R* is alkyl, aryl or arylalkyl; X is fluoro 

20 chloride, bromide, iodide or alkoxide and m is 1 

or 2 and n is 3*mj 

(b) fractionally distilling the reaction product of 
step (a) to recover a Cg olefin fraction containing linear 
hexenes and branched Cg olefins and wherein said fraction 

2* contains 70 to 82% by weight of linear hexenes; 

(c) contacting the Cg olefin fraction of step (b) 
with a dimerization catalyst under dimerization conditions 
thereby producing a semi^linear olefins product 
containing at least 60% by weight linear dodecenes and 
mono-branched C12 olefins? 

(d) recovering the semi-linear C]^2 olefin of 
step (c) and contacting said semi-linear C12 olefins with 
benzene in the presence of an alkylation catalyst under 
reactive conditions thereby producing a mixture of semi- 
linear Cj^2 alkylbenzenesj and 

(e) recovering said semi-linear alkylbenzenes 
and contacting said recovered semi-linear C2^2 all^yl** 
benzenes about from 1 to 1«5 moles, based on sulfur 
content, of a sulfonating agent per mole of said semi- 

*® linear C^2 alkylbenzenes under reactive conditions thereby 
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allcylbenzene sulfonic acids having tne ge 

wherein R Is seni-Unear C12 alkyl 

.„a neutrelUln, ..U „nl-Unear C„ al>;vl^-"- " 
yield the cotreapondlhg mixture of semi-Uhear Cjj 
li alkylbeniene sulfonate salts. 

The process of Claim 18 wherein said seml-Unear 
C al<cylben.ene sulfonic acid, are neutralised xn said 
.Up le) -ith .odlu. hydroxide to yield the corre.pondin, 

• r aUtvlbenzene sulfonates. 

20 sodium semi-llnear axRy*^"*' 

^ process for preparing a mixture of ""l-"""" 
C,, aixylbensenes contalnln, at least 60» ^ 
lUear and mono-branch«i alkylbenzenes and 1" " 
« \o weight » of multlbranched C^j aUylbensenes, consistin, 

essentially of the steps of: 

,a) contactln, a propylene feed with a se ectW. 
dlmerlzatlon catalyst, selective to the production of 
I hloher olefins, under dl-erlsatlon conditions to produce a 

,0 h Olefin product containing at least 60, ^ «J-«;; 

i linear hexenes, under dlmerlzatlon condition, and «h«el« 

I ..Id selective dlmerUatlon catalysts Is selected from the 

i '""'(u' a complex of a nickel chelate having the formula 



40 



R'-C V C-R' 
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„r haloaUyl oc haloaryl ot up to 
atoms, or "•l"*"!'' ^hat the 

in carbon atoas, «ith th« proviso 
two R- groups ot asch ch.latln, U,.nd^ 
.ogathar -Ith tha adjacant carbon .to™ to 
which they ar. attachad, can for» a s« 
„embarad carbocycllc aromatle rxn, oca 
halogen substituted sU-«e«ber.d c.rbo- 
CcHc aromatic rln, h.v. 1 to 4 halogen 
aubstltuents selected from the group o« 
(luoro, ohloro. bro«o or lodo> 
«Uh an auyl aluminum alkoxlde having the 

formula 

wherein each R- Independently Is elkyl of 
„p to 10 carbon atoms, preferably of up to 
Tcarbon atoms, m Is a -hole "-^'^ 
1 to 2 inclusive and n 1. e -hole number 
from 1 to 2 Inclusive selected so that the 

sum of n end n equal. 3l 
a complex of bls,l,S-cyclooctadl.ne.nlc..l(0) 
with hex.Eluoro-2,4-pentanedlone. and 
?cl»lex comprising transition metal complex 

i^ll frrcomplexes of nlcK.l and palladium 
ritH fl ro-org'anlc thiol or sulfide U,.nd, 

gcoup or atom In . Ugatlng Position which 
Tin dlspUce fluoro as a llgand, " 

! .,.~r.duclng agent selected from the 
"'"Tf borohydrir. -d Lganoalumlnu- halldes 
\7:1:LTZ Lmg the fon-ul. RV«n — ^" 
is aUyl, aryl or aryl.lKyl. X Is fUoro 
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chloride, bromide, iodide or alkoxide and m is 1 
or 2 and n is 3-mj 

(b) fractionally distilling the reaction product of 
step (a) to recover a C, olefin fraction containing linear 
hexenes and branched C, olefins and wherein said fraction 
contains 70 to 75% by weight of linear hexenes; and 

(c) contacting the Cg olefin fraction of step (b) 
with a dimerization catalyst under dimerization conditions 
thereby producing a semi-linear ^l^^^'^^ P-^^^"*^^ 
containing at least 60% by weight linear dodecenes and 

mono-branched C^2 ^l^^^"* 
multibranched C,, olefins; and 

(d) recovering the semi-linear C^2 ^'^^^"''^ 
of step (c) and contacting the recovered semi-linear C^j 
olefins product with benzene in the presence of an 
alkylation catalyst under reactive conditions thereby 
producing a mixture of semi-linear C^j alkylbenzenes 
containing at least 60% by weight of linear and mono- 
branched C12 alkylbenzenes and 10 to 40 weight % of 
multibranched C^j alkylbenzenes. 



25 
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35 
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21. The semi-linear C12 alkylbenzene product of the 

process of Claim 20. 

22 A process for preparing a mixture of semi-linear 

C, , alkylbenzenes containing at least 60% by weight of 
linear and mono-branched C^j alkylbenzenes consisting 
essentially of the steps of: 

(a) contacting a propylene containing at least about 
90% by weight propylene with a selective dimerization 
catalyst selected from the group of hexaf luoroacetoacetyl 
nickel cyclooctyldiene or bis Ipentafluorophenylthio] nickel 
with trlethyl aluminum sesquichlorlde under dimerization 
conditions at temperatures in the range of about from 50 
to 80"»C and pressures in the range of about 10 to 
40 atmospheres using a catalyst ratio in the range of 
about from 1,000 to 50,000 mole of propylene per mole of 
catalyst to yield dimer product containing at least about 

8 8 " 8 5 5 0 0 BEST AVAILABLE COPY 
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60% b, w.l,ht ot linear hexenes and the remainder higher 
Olefins, branched C« olefins and unreacted propylene, 

,b fractionally dl.tllUn, the reaction produc of 
«ep (a) to recover a olefin fraction containing from 
70 to 75% by weight linear hexenes, ^ „, 

,c, contacting the C, olefin fraction product of 
step (b) with a dlmerlsatlon catalyst selected from the 
group ot hexafluoroacetoacetyl nickel 
blstpentafluorophenylthlo.nlcKel -Ith "^''^f 
s..,ulchlorld., blsltrlphenylpho.phlnolnlcK.l dlc.rbon,l 

with alu-mum Chloride, nlcV.l 2-ethylh.xanoate "l"""-" 
acetate with diethyl bls-.lu»lnu» tetrachloride, and 
" nlCel 2-ethylhex.noat. trlf luoroacetat, «'^^ 
.lundnun at temperatures In the range of '"o"""" " 
iS'C and pressures In the rang, of about from 1 to 
5 atmospheres and a catalyst ratio In th, range of about 
from 500 to 5.000 mole, of olefin fract on per mole of 
" catalyst to produce a seml-Unear olefin product 

containing at least by -eight of linear dodecene. and 
mono-branched olefin, and 10 to 40 weight % 

multlbranched C^i olefins, and 

(d) recovering the semi-linear olefins of 

" step (c) and contacting said seml-llne.r C^^ olefins with 
:rn!sle m the presence of an alKylatlon cat.ly.t und^ 
reactive condition, thereby producing a mixture <>£ 
linear C^^ alkylbenxenes containing at least 60 w.l*t % 
of linear and mono-branched alkylbenzen.s and 10 to 

" 40 weight % multlbranched Cjj alkylbenxene.. 

23. The seml-llnear alkylbens.ne product of the 

process of Claim 22. 

24. The process of Claim 22 wherein said alkylation 
catalyst of step (d) is hydrogen fluoride. 

25. The semi-linear C^2 allcylbenzene product of the 
process of Claim 24. 
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26. The process of Claim 22 wherein said alkylation 

catalyst of step (d) is aluminum chloride. 



05 



10 



27. A process for preparing a mixture of semi-linear 

C,2 alkylbenzene sulfonates containing at least 
60 weight % of linear and mono-branched alkylbenzene 
sulfonate and 10 to 40 weight % multibranched alkyl- 
benzene sulfonates consisting essentially of the steps of: 

(a) contacting a propylene feed with a selective 
dlmerlzatlon catalyst, selective to the production of 
higher olefins, under dlmerlzatlon conditions to produce a 
higher olefin product containing at least 60% by weight 
linear hexenes, under dlmerlzatlon conditions and wherein 
said selective dlmerlzatlon catalysts Is selected from the 

group of: , 
(1) a complex of a nickel chelate having the formula 

20 R«C-0 Z^""!""^ 

R»-C >I C-R' 
R'-C-O ^)-C-R• 

25 wherein R and R' Independently are 

hydrogen, alkyl or aryl of up to 10 carbon 
atoms, or haloalkyl or haloaryl of up to 
10 carbon atoms, with the proviso that the 
two R' groups of each chelating llgand 
JO together with the adjacent carbon atoms to 

which they are attached, can form a slx- 
membered carbocycllc aromatic ring or a 
halogen substituted slx-raembered carbo- 
cycllc aromatic ring have 1 to 4 halogen 
35 substltuents selected from the group of 

fluoro, chloro, bromo or lodo; 
with an alkyl aluminum alkoxlde having the 
formula 

( R- ) „Ai ( OR" ) n BEST AVAIUBLE COPY 
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wherein each R- independently is alkyl of 
up to 10 carbon atoms, preferably of up to 
05 4 carbon atoms, m is a whole number from 

1 to 2 inclusive and n is a whole number 
from 1 to 2 inclusive selected so that the 
sum of m and n equals 3; 

(2) a complex of bisd ,5-cyclooctadiene)nickel(0) 
10 „ith hexafluoro-2,4-pentanedione; and 

(3) a complex comprising transition metal complex 
selected from complexes of nickel and palladium 
with a fluoro-organic thiol or sulfide ligand, 
having a single sulfur atom in a ligating 

15 position and wherein the carbon atom adjacent 

the carbon atom to which the sulfur atom is 
attached has at least one fluoro substituent and 
with the proviso that said fluoro-organic thiol 
or sulfide does not contain any other ligating 
group or atom in a ligating position which 
will displace fluoro as a ligand, and an 
organometallic-reducing agent selected from the 
group of borohydride and organoalumlnum halides 
and alkoxides having the formula R*„iAlX„ wherein 
25 i3 ai^yi, aryl or arylalkyl; X is fluoro 

chloride, bromide, iodide or alkoxide and m Is 1 
or 2 and n Is 3-mi 

(b) fractionally distilling the reaction product of 
step (a) to recover a Cg olefin fraction containing linear 
hexenes and branched Cg olefins and wherein said fraction 
contains 70 to 75% by weight of linear hexenes; and 

(c) contacting the Cg olefin fraction of step (b) 
with a dimerization catalyst under dlmer^zatlon conditions 
thereby producing a seml-llnear C^2 ol^tins product 

" containing at least 60% by weight linear dodecenos and 
mono-branched C^j olefins and 10 to 40% by weight 
multibranched olefins; and 

(d) recovery the semi-linear C^j olefins of step (e) 
and contacting said seml-llnear C^j olefins with benzene 
in the presence of an alkylation catalyst under reactive 
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conditions thereby producing a mixture of semi-linear 
alkylbenzenes containing at least 60% by wei^tht of linear 
and mono-branched alkylbenzenes and 10 to 40 weight % 
of multibranched alkylbenzenes; and 

(e) recovering said semi-linear alkylbenzenes 
and contacting said recovered semi-linear 0^2 alkyl- 
benzenes about from 1 to 1.5 moles, based on sulfur 
content, with a sulfonating agent per mole of said semi- 
linear C12 alkylbenzenes under reactive conditions thereby 
producing the corresponding mixture of semi-linear 
alkylbenzene sulfonic acids having the general formula 




wherein R is semi-linear Cj^j alkyl 



and neutralizing said semi-linear C^2 aH^ylbenzene to 
yield the corresponding mixture of semi-linear Cj^2 alkyl- 
benzene sulfonate salts containing 10 to 40% by weight 
25 multibranched Cj^2 alkylbenzene sulfonate salts. 

28. The semi-linear 0^2 alkylbenzene sulfonate 

product of the process of Claim 27. 



29. The process of Claim 27 wherein said alkylation 
catalyst of step (d) is hydrogen fluoride. 

30. The product of the process of Claim 29. 

31. The process of Claim 29 wherein said 
neutralization of step (e) is conducted using a sodium 
base and said semi-linear Cj^j alkylbenzene sulfonate is a 
sodium salt. 
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32. The sodiuB semi-linear C^j alkylbenzene 
sulfonate product of Claim 31. 

33. The process of Claim 27 wherein said alkylation 
catalyst of step (d) is aluminum sulfate. 

34. The semi-linear C12 alkylbenzene sulfonate 
product of Claim 33. 



10 



35. The process of Claim 33 wherein said 
neutralization of step (e) is conducted using a sodium 
base and said semi-linear Cjj alkylbenzene sulfonate is a 
sodium salt. 

36. The sodium 8«ni- linear C^j alkylbenzene 
sulfonate of Claim 35. 

20 37^ A process for preparing semi-linear 

alkylbenzene sulfonates containing at least 75% by weight 
of linear and mono-branched C12 alkylbenzene sulfonates 
which comprises the steps of: 

(a) contacting a propylene feed with a selective 
dimerization catalyst, selective to the production of 
higher olefins, under dimerization conditions to produce a 
higher olefin product containing at least 60% by weight 
linear hexenes, under dimerization conditions and wherein 
said selective dimerization catalysts is selected from the 
group oft 

(1) a complex of a nickel chelate having the formula 



30 



35 



R— C-0^ 0-C — R 

I \ / 8 , 

R'—C NI C — R' 

R«— C — O'^ ^0-C-R' 



wherein R and R' independently are 
hydrogen, alkyl or aryl oZ up to 10 carbon 
40 atoms, or haloalkyl or haloaryl of up to 

BEST AVAILABLE COPY 



wossAmoo 



PCT/US88/007S0 



01 



OS 



iO 



IS 



20 



2S 



30 



3S 



40 



(2) 
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10 carbon atoms, v:?th the proviso that the 
two R* groups o£ e&ch chelating ligand 
together with the adjacent carbon atoms to 
which they are attached, can form a six- 
membered carbocyclic aromatic ring or a 
halogen substituted six-membered carbo- 
cyclic aromatic ring have 1 to 4 halogen 
substituents selected fr<»n the group of 
fluoro, chloro, bromo or iodo; 

with an alkyl aluminum alkoxide having the 

formula 

(R-)^l(OR-)„ 

wherein each R" independently is alkyl of 
up to 10 carbon atoms, preferably of up to 
4 carbon atoos, m is a whole number from 
1 to 2 inclusive and n is a whole number 
from 1 to 2 inclusive selected so that the 
sum of m and n equals 3; 
a complex of bis(l,5-cyclooctadiene)nickel{0) 
with hoxaf luoro-2,4-pentanedione; and 
a con^lex comprising transition metal coiq>lex 
selected from complexes of nickel and palladium 
with a fluoro-organic thiol or sulfide ligand, 
having a single sulfur at<Mn in a ligating 
position and wherein the carbon atom adjacent 
the carbon atom to which the sulfur atom is 
attached has at least one fluoro substituent and 
with the proviso that said fluoro-organic thiol 
or sulfide does not contain any other ligating 
group or atom in a ligating position which 
will displace fluoro as a ligand, and an 
organoraetallic-reducing agent selected fr«B the 
group of borohydride and organoaluminum halides 
and alkoxides having the formula R*^A1X„ wherein 
R* is alkyl, aryl or arylalkyl; X is fluoro 
chloride, bromide, iodide or alkoxide and m is 1 
or 2 and n is 3-n; 



1 



I 
I 

j 



BEST ;^^^'LABLE COP\^ 



88::S5500 



PCrAJS88/007S0 

wo 88/07030 

01 -42- 

(b) fractionally distilling the reaction product of 
step (a) to recover a Cg olefin fraction containing linear 
hexenes and branched Cg olefins and wherein said fraction 
contains 70 to 82% by weight of linear hexenes; 

(c) treating the olefin fraction recovered from 
step (b) with aqueous sulfuric acid at under reactive 
conditions at temperatures below about 30«C thereby 
yielding a two liquid phase mixture comprising a Cg olefin 
phase having a linear olefin content of at least about 80% 
by weight and an aqueous phase containing soluble non- 
linear olefin sulfonates and recovering said Cg olefin 
phase from said aqueous phase; 

(d) contacting the Cg olefin phase recovered in 
step (a) with a dimerizatlon catalyst under dlmerlzatlon 
conditions thereby producing a seml-llnear ol*^^" 
product containing at least 75% by weight linear dodecenes 
and mono-branched 0^2 olefins; 

(e) recovering the semi-linear Cjj olefins of 

step (d) and contacting said seml-llnear C^2 oletins with 
benzene In the presence of an alkylatlon catalyst under 
reactive conditions thereby producing a mixture of semi- 
linear C,, alkylbenzenes corresponding to said C^j 

25 

olefins; and . 

(f) recovering said seml-llnear c^j alkylbenzenes 

and contacting said recovered seml-llnear C^j alkyl- 
benzenes about from 1 to 1.5 moles, based on sulfur 
content, with a sulfonating agent per mole of said semi- 
linear alkylbenzenes under reactive conditions thereby 
producing the corresponding mixture of seml-llnear 
alkylbenzene sulfonic acids having the general formula 



3S I /'"^^^^^^^i^ 

(I) 



30 




40 



wherein R Is seml-llnear C^j alkyl 
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and neutralizing said semi-linear C^2 alkylbenzene to 
yield the corresponding mixture of semi-linear Ci o alkyl- 
benzene sulfonate salts containing at least 75% by weight 
of linear and mono-branched alkylbenzene sulfonate 
salts. 
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39. The process of Claim 38 wherein said alkylation 
catalyst of step (e) is hydrogen fluoride. 

40. The process of Claim 36 wherein said alkylation 
catalyst of step (e) is aluminum chloride. 



41* A process for preparing semi-linear 

alkylbenzene sulfonates containing at least 75% by weight 
linear and mono-branched Cj2 alkylbenzene sulfonates which 
comprises the steps of: 

(a) contacting a propylene containing at least about 
90% by weight propylene with a selective dlmerization 
catalyst selected from the group of hexafluoroacetoacetyl 
nickel cyclooctyldiene or bis Ipentafluorophenylthiol nickel 
with triethyl aluminum sesquichloride under dimerization 
conditions at temperatures in the range of about £rom 50 
to 80'C and pressures in the range of about 10 to 
40 atmospheres using a catalyst ratio in the range of 
about from 1,000 to 50,000 mole of propylene per mole of 
catalyst to yield diraer product containing at least about 
60% by weight of linear hexenes and the remainder higher 
olefins, branched Cg olefins and unreacted pr<q>ylene; 

(b) fractionally distilling the reaction product of 
step (a) to recover a Cg olefin fraction containing about 
frwn 70 to 82% by weight linear hexenes; 

3 J treating the Cg olefin fraction recovered from 

step (b) with aqueous sulfuric acid under reactive 
conditions at ten^erature below about 30*C to yield a two 
liquid phase mixture comprising a Cg olefin phase having a 
linear olefin content of at least about 80% by weight and 
an aqueous phase containing soluble non-linear olefin 
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sulfonates and recovering said C, olefin phase from said 
aaueous phase? 

05 (d) contacting the Cg olefin phase recovered in 

step (c) with a dimerization catalyst selected from the 
group of hexafluoroacetoacetyl nickel cyclooctadiene; 
bisl^ntafluororhenylthiolniclcel with t r ie thy 1 aluminum 
sesarichloride; bisltriphenylphosphinol nicKel ^-"^-^^ 
10 with aluminum chloride, nicKel 2^thylhexanoate trifluoro- 
acetate with diethyl bis-aluminum tetrachloride, and 
nickel 2.ethylhexanoate trif luoroacetate with «thyl 
aluminum complexes at temperatures in the ""^^ ^ 
from 10 to 80*C and pressures in the range of about from 
to 5 atmospheres and a catalyst ratio in the range of 
about from 500 to 5,000 moles of olefin per mole of 
catalyst to produce a semi-llnear olefin product 
containing at least 75% by weight of linear dodecenes and 

mono-branched 0^2 
20 (e) recovering the semi-linear C^2 ol«""« 

step (d) and contacting said semi-linear C^j olefins with 
benzene in the presence of an alKylation catalyst under 
reactive conditions thereby producing a mixture of semi- 
linear C12 alkylbenzenes corresponding to said C^2 
olefins; and 

(f) recovering said semi-linear C^j alkylbenzenes 
and contacting said recovered semi-linear C^j aH^yl" 
benzenes about from 1 to 1.5 moles, based on sulfur 
content, with a sulfonating agent per mole of said seml- 
linear €^2 alkylbenzenes under reactive conditions thereby 
producing the corresponding mixture of semi-linear C12 
alkylbenzene sulfonic acids having the general formula 



(I) 




40 



wherein R is semi-linear C12 aH^yl 
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and neutralizing said semi-linear alkylbenzene to 
yield the corresponding nixture of semi-linear C^2 alkyl- 
®^ benzene sulfonate salts containing at least 75% by weight 
of linear and mono-branched alkylbenzene sulfonate 
salts. 

42. The process of Claim 41 wherein said alkylation 
*® catalyst of step (e) is hydrogen fluoride. 

43. The process of Claim 41 wherein said alkylation 
catalyst of step (e) is aluminum chloride. 
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